We hypothesized that elevated hsCRP level is associated with MetS and its components in a representative sample of the Korean population.
The objectives of this study were 1) to analyze concentrations of hsCRP as a new inflammatory marker in a representative sample of the Korean population; 2) to compare hsCRP levels with previous reports, and 3) to examine the association between elevated levels of hsCRP and MetS after considering possible confounders.
MATERIALS AND METHODS

Study Design and Participants
Data were extracted from the 2015 KNHANES, which is a study periodically conducted by the Korea Center for Disease Control and Prevention. The sampling protocol was designed to include a complex, stratified, multistage, and probability-cluster survey of a representative sample of the non-institutionalized civilian population. The participants were randomly selected by geographic area, age, and gender based on the 2005 National Census Registry. The survey consisted of a health interview, a nutrition survey, and a health and oral examination survey. All participants provided written informed consent before participating in the survey. The total number of participants in the 2015 KNHANES was 7,380 (3,381 men and 3,999 women).
Inclusion criteria were: 1) ≥ 19 years of age; 2) laboratory tested for MetS; 3) blood hsCRP level measured; and 4) no missing values for the potential confounders. The final sample comprised 4,546 participants (1,990 men and 2,556 women).
Measurement of Hscrp
Blood was collected, stored at 2°~ 8°C, and transferred to the central laboratory (NeoDin Medical Institute, Seoul, Korea) within 24 hours for the hsCRP analysis. hsCRP concentrations were measured by immunoturbidimetry using the Cobas instrument (Roche, Mannheim, Germany). The limit of detection was 0.09 mg/L and the maximum value measurable in the assay was 20.01 mg/L. The hsCRP concentrations were divided into quartiles for statistical analysis, as follows: 1st quartile (lowest): 0.09-0.3 mg/L; 2nd quartile: 0.4-0.5 mg/L; 3rd quartile: 0.6-1.0 mg/L; and 4th quartile (highest): 1.1-20.01 mg/L).
Assessment of Mets
MetS was defined using the criteria of the Joint Interim Statement of the International Diabetes Federation Task Force on Epidemiology and Prevention [18] . The MetS assessment consisted of the following five metabolic components: waist circumference in the Asian population [19] (≥90 cm for men and ≥ 80 cm for women); elevated TG (≥150 mg/dL or taking medication for hypertriglyceridemia); low HDL-cholesterol (<40 mg/dL in men and < 50 mg/dL in women); high blood pressure (systolic blood pressure ≥ 130 mm Hg or diastolic blood pressure ≥ 85 mm Hg or taking medication for hypertension); and high fasting glucose (≥100 mg/dL). MetS was defined as the presence of at least three of these components.
Assessment of Confounders
Data on confounding variables employed in the statistical analysis considered information on sociodemographic factors (age, gender, income, and education), general health behaviors (smoking, drinking, and physical activity), and systemic health status (diabetes mellitus and obesity).
Household income was the monthly average family income and was divided into quartiles. Education level was divided into four groups of less than primary school, middle school, high school, and college or higher. The participants were asked whether they were currently smoking and the answers were categorized into: no (never smoker and past smoker) and yes (current smoker). Alcohol consumption was categorized into: non-drinker, almost nondrinker (≤1 day per month), light drinker (2-4 days per month), moderate drinker (2-3 days per week), and heavy drinker (≥4 days per week). Drinking was dichotomized into: no (none/almost non-drinker) and yes (light/ moderate/heavy drinker). Physical activity was assessed by aerobic physical activity as follows: ≥ 150 min per week of moderate-intensity aerobic physical activity, or 75 min per week of vigorous-intensity aerobic physical activity, or an equivalent combination of moderate-and vigorous-intensity aerobic physical activity [20] . Diabetes mellitus was defined as having a fasting glucose level > 126 mg/dL or taking medication for diabetes. Body mass index (BMI) was used to define obesity. BMI was calculated by dividing weight in kilograms by the square of height in meters. Obesity was defined as a BMI ≥ 25.0 kg/m 2 . 
Statistical Analysis
The dependent variable was MetS and the independent variable was hsCRP concentration. Differences in the general characteristics of the participants were compared according to the presence of MetS using the chi-square test. We presented the distribution of MetS and its components according to hsCRP quartiles using the chi-square test. All data are presented as weighted percentages and standard errors (SEs). The distributions of the quartiles of hsCRP and the MetS components as continuous confounding variables were expressed as the unadjusted and adjusted mean and SE using analysis of variance and analysis of covariance. A multivariable logistic regression analysis was performed to examine the associations between hsCRP level and MetS and its components. A multivariable logistic regression was used to compute unadjusted and adjusted odds ratios (ORs) and confidence intervals (CIs). Model 1 was unadjusted. Model 2 was adjusted for demographic variables, including age and gender. Model 3 was adjusted for demographic factors, socioeconomic status, and general health variables, including income, education, smoking, drinking, and physical activity. Model 4 was adjusted for all confounding variables, including diabetes mellitus and obesity. We also evaluated the associations between hsCRP level and number of MetS components by classifying the participants according to the total number of MetS components. We performed a subgroup analysis by gender. All statistical analyses were performed using the SPSS 19.0 (SPSS Inc., Chicago, IL, USA) statistical program. A Pvalue < 0.05 was considered significant.
RESULTS
Characteristics of the Participants
Of the 4,546 participants, the prevalence of MetS was estimated to be 32.6%. Table 1 shows the characteristics of the study participants according to the results of the MetS diagnosis. The data indicate that most patients with MetS were ≥ 40 years compared to those without Mets, and there were associations with male gender, lower income, primary school, current smoker, non-drinker, and no physical activity. The percentage of participants with MetS was significantly higher in the diabetes mellitus and obesity. The mean hsCRP level in the MetS group was significantly higher than that in the group without MetS (no MetS: 0.64 mg/L; MetS: 1.61 mg/L, respectively). Participants with MetS were significantly more likely to have a high hsCRP level than those without.
Distribution of Mets and its Components According to Hscrp Quartiles
Significant differences in MetS and its components were observed according to the hsCRP quartiles (P < 0.001 for all). Elevated hsCRP levelswere distributed in participants with abdominal obesity, high TG, low HDL, high blood pressure, and high fasting glucose ( Table 2 ).
Association between hsCRP Quartiles and MetS and its Components
The hsCRP quartiles were consistently associated with MetS and all components in the logistic models throughout the adjustment process ( 
Gender Stratified Associations between Hscrp Quartiles and Mets
The association between hsCRP quartiles and MetS was stronger in women than that in the total population ( 
DISCUSSION
Increased hsCRP level was associated with increased odds for MetS and its components after adjusting for age, gender, income, education, smoking, drinking, physical activity, diabetes mellitus, and obesity. To the best of our knowledge, this is the first study to report an association between hsCRP and MetS in a representative sample of the Korean population. Moreover, we evaluated various confounders, such as socioeconomic status, general health behaviors, and systemic health status that could affect MetS.
Although the analysis of retrospective study data from 13,426 participants showed an association between the highest hsCRP quartile and MetS, the same results for each MetS component were not present in Koreans [10] . Because the study participants were mainly healthy adults, which limits generalizability, the prevalence of MetS was very low, unlike the prevalence of MetS in the general population. In a Japanese study of community-dwelling women, the ORs of hsCRP were significantly higher for MetS (OR = 3.23) and its components after controlling for age, smoking, and alcohol consumption [17] . Our results showed a stronger association after adjusting for demographics, socioeconomic status, and general health variables than that in the previous study (OR = 4.59). We considered diabetes mellitus and obesity as major risk factors for MetS and the strength of the association with MetS and its Elevated Levels of High Sensitivity C-Reactive Protein are Associated with Metabolic Syndrome in a Representative Korean Sample components was considerably weakened. In a cross-sectional study, urban Indians with elevated hsCRP levels had a weaker association with MetS compared with the present results [15] . Thus, the results are difficult to compare directly because the study populations differ, different MetS criteria and confounders were used, and the hsCRP quartiles differed in previous studies.
Although hsCRP concentrations differ in different populations, it is unclear why they are elevated in specific groups. Our results show that mean hsCRP levels in men and women were 1.37 and 1.18 mg/L, respectively. Gender discrepancies in hsCRP have been observed consistently [21, 22] . Women in our population had the lowest mean hsCRP level compared to other ethnicities, followed by African-American (5.85 mg/L), Hispanic (3.90 mg/L), Caucasian (3.45 mg/L), Chinese (1.44 mg/L), and Japanese participants (1.37 mg/L) [23] .
The American Heart Association (AHA) and the US Centers for Disease Control and Prevention (CDC) suggest three hsCRP cut-off categories for stratifying the risk of cardiovascular disease events: < 1 mg/L (low risk), 1-3 mg/L (average risk), and > 3 mg/L (high risk) [24] . The risk assessment tool has limitations for applying to other ethnic populations [24] and this point needs to be addressed in a further Asian population study. Based on our findings, the ORs of MetS were similar in average risk and high risk according to the AHA/CDC categories, which is inconsistent with previous studies [17, 25] . When considering the results of the hsCRP quartiles, the risk for MetS and its components in the higher hsCRP quartile was significantly higher than that in the lower hsCRP quartile. We speculate that even Korean adults with low hsCRP concentrations may be susceptible to the development of MetS.
The hsCRP quartiles also showed a doseresponse relationship with increases in the MetS components, similar to the results of previous studies [7, 14] . In agreement with previous studies [15, 16] , our findings showed remarkable differences by gender in the association between hsCRP and MetS. This observation may have been affected by age-and gender-related factors [26] . The prevalence of MetS increased with age in a gender-specific manner. The prevalence of MetS is slightly higher in men < 50 years of age, but it reverses after 50 years of age [26] . Gender differences related to genetic and biological pathways are reportedly caused by hyperandrogenism, insulin-resistance, and the associated increase in abdominal obesity and reduced HDL-cholesterol that occur after menopause [26] . We speculate that women are also more prone to develop MetS than men.
hsCRP quartiles were moderately associated with individual MetS components. In particular, several studies have reported that abdominal obesity is the primary determinant of elevated hsCRP levels in patients with Mets components [27, 28, 29] . Significant associations with MetS were found for abdominal obesity and low HDL-cholesterol rather than the other components in our study. These results regarding low HDL-cholesterol remain controversial [15, 16] , so further research is needed.
Nevertheless, this cross-sectional study cannot infer causal relationships. Further well-designed longitudinal studies are required to identify the present associations. However, our study had several major strengths. Anthropometric assessments and blood analyses were performed clinically by physicians, trained examiners, and trained researchers. Although there is some evidence for an association between hsCRP and MetS [15] [16] [17] in Asian populations, no study has been conducted on a representative sample of Koreans. Thus, we analyzed newly released data on hsCRP from KNHANES 2015 and identified the distribution of hsCRP concentration in the Korean population. These results provide the first evidence for an association between hsCRP and MetS and its components in a representative sample of Korean adults. Well-designed longitudinal studies will be necessary to clarify the effect of hsCRP on MetS and to establish the cutoff points for elevated hsCRP as a clinical assessment tool for MetS among Korean adults.
